IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicants: T.L. Ritzdorf et al. Attorney Docket No.: SEMT1 17192 

Application No.: Filed Concurrently Herewith Group Art Unit: ~ 
Filed: Concurrently Herewith Examiner: -- 

Title: METHOD FOR FILLING RECESSED MICROSTRUCTURES WITH 

METALLIZATION IN THE PRODUCTION OF A MICROELECTRONIC 
DEVICE 

PRELIMINARY AMENDMENT 

Seattle, Washington 98101 
June 12, 2001 

TO THE COMMISSIONER FOR PATENTS: 

Prior to examination, please amend the above-identified application as follows: 
In the Specification : 

Please amend the specification as follows: 

On pagel, line 6, beneath the heading "CROSS-REFERENCE TO RELATED 
APPLICATIONS", please delete the words "Not Applicable" and insert the following new 
paragraph: 

This application is a continuation of prior U.S. Patent Application 
No. 09/018,783, filed February 4, 1998, the disclosure of which is hereby 
incorporated by reference, and priority from which is hereby claimed 
under 35 U.S.C. § 120. 

In the Claims : 

Please cancel Claims 1-31. 

Please add new Claims 32-53 as follows: 

32. (New) A process for electrochemical deposition of metal onto a surface of a 
microelectronic workpiece, comprising: 
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exposing a surface of the microelectronic workpiece to a plating solution including a 
principal metal species to be deposited; 

applying plating power between the surface of the workpiece and an electrode disposed 
in contact with the plating solution to electrolytically deposit metal onto the surface, wherein 
plating power is applied: 

at a first current density for a first period of time to deposit a first layer of the 
metal onto the surface of the workpiece; and subsequently 

at a second current density for a second period of time to deposit a second layer of 
the metal onto the first layer of metal, wherein the second current density is substantially greater 
than the first current density and a majority of the metal deposited onto the surface of the 
workpiece is deposited during the second time period. 

33. (New) The process of Claim 32, wherein the surface of the microelectronic 
workpiece defines a plurality of recessed microstructures, and the first current density and first 
period of time are selected to at least partially fill the recessed microstructures with the deposited 
metal. 

34. (New) The process of Claim 33, wherein metal deposited during the first time 
period has a grain size that is sufficiently small to fill the recessed microstructures and at least 
some of the recessed microstructures have a width of less than or equal to 0.3 micron. 

35. (New) The process of Claim 33, further comprising annealing the deposited metal 
after the second time period to increase a grain size defined by the metal 

36. (New) The process of Claim 35, wherein the metal is annealed at a temperature of 
less than 250° C. 

37. (New) The process of Claim 32, wherein the first current density is about 
3.2 mA/cm 2 



LAW OFFICES OF 
CHRISTENSEN O'CONNOR JOHNSON KINDNESS PLLC 
1420 Fifth Avenue 
Suite 2800 
Seattle, Washington 98101 

-Page 2 or 9- 206.682.8ioo 

SEMTU7192AM1 DOC 



38. (New) The process of Claim 32, wherein the second current density is about 
20 mA/cm 2 . 

39. (New) The process of Claim 32 ? wherein a ratio of the second current density to 
the first current density is about 6:1. 

40. (New) The process of Claim 32, wherein the first time period is about 30 seconds. 

41. (New) The process of Claim 32, further comprising annealing the deposited metal 
after the second time period at a temperature of less than 250° C. 

42. (New) The process of Claim 32, wherein metal is deposited at a higher rate during 
the second time period than during the first time period. 

43. (New) The process of Claim 32, further comprising depositing a seed layer onto 
the surface of the microelectronic workpiece prior to the first time period, the first layer of metal 
being deposited onto the seed layer. 

44. (New) A process for electrochemical deposition of copper onto a surface of a 
microelectronic workpiece, comprising: 

exposing a surface of the microelectronic workpiece to a plating solution including 
copper as a principal metal species to be deposited; 

applying plating power between the surface of the workpiece and an electrode disposed 
in contact with the plating solution to electrolytically deposit copper onto the surface, wherein 
plating power is applied: 

at a first current density for a first period of time to deposit a first layer of copper 
onto the surface of the workpiece; and subsequently 

at a second current density for a second period of time to deposit a second layer of 
copper onto the first layer of copper, wherein the second current density is substantially greater 
than the first current density and a majority of copper deposited onto the surface of the 
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workpiece is deposited during the second time period. 

45. (New) The process of Claim 44, wherein the second current density is applied 
immediately after the first period of time. 

46. (New) A process for electrochemical deposition of metal onto a surface of a 
microelectronic workpiece, the surface defining a plurality of recessed microstructures, 
comprising: 

exposing a surface of the microelectronic workpiece to a plating solution including a 
principal metal species to be deposited; 

applying plating power between the surface of the workpiece and an electrode disposed 
r , in contact with the plating solution to electrolytically deposit metal onto the surface, wherein 
U plating power is applied: 

[ z at a first current density for a first period of time to deposit a first layer of the 

y metal onto the surface of the workpiece to at least partially fill the recessed microstructures; and 
subsequently 

'i 

O at a second current density for a second period of time to deposit a second layer of 

M the metal onto the first layer of metal, wherein the second current density is substantially greater 
Q than the first current density. 

47. (New) The process of Claim 46, wherein the second current density is applied 
immediately after the first period of time has elapsed. 

48. (New) A process for electrochemical deposition of metal onto a surface of a 
microelectronic workpiece, comprising: 

applying a metal seed layer onto a surface of the microelectronic workpiece; 
exposing the surface of the microelectronic workpiece to a plating solution including a 
principal metal species to be deposited; 
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applying plating power between the surface of the workpiece and an anode disposed in 
contact with the plating solution to electrolytically deposit metal onto the surface, wherein 
plating power is applied: 

at a first current density for a first period of time to deposit a first layer of the 
metal onto the seed layer on the surface of the workpiece; and subsequently 

at a second current density for a second period of time to deposit a second layer of 
the metal onto the first layer of metal, wherein the second current density is substantially greater 
than the first current density. 

49. (New) A method of depositing a metal layer on a semiconductor wafer, 
comprising: 

depositing a seed layer on a surface of the wafer; 

immersing the wafer in an electrolytic solution containing metal ions; 

electrolytically depositing a first plated layer on the wafer by applying current at a first 
current density between the wafer and the solution; and 

after a first period of time during which the first plated layer has been formed, increasing 
the applied current to a second current density greater than the first current density to plate 
additional metal onto the first plated layer. 

50. (New) An apparatus for use in electrochemical deposition of metal onto a surface 
of a microelectronic workpiece, comprising: 

a reactor that receives a surface of the microelectronic workpiece in a chamber in which 
the surface of the microelectronic workpiece is exposed to a plating solution including a 
principal metal species to be deposited; 

an electrode disposed in contact with the plating solution; and 

a source of plating power supplied between the anode and the surface of the 
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microelectronic workpiece to deposit metal from the plating solution onto the surface of the 
microelectronic workpiece, wherein the source of plating power is operated to supply power at a 
first current density for a first period of time to deposit a first layer of metal onto the surface of 
the workpiece, and then at a second current density for a second period of time to deposit a 
second layer of metal onto the first layer of metal, and wherein the second current density is 
substantially greater than the first current density and the majority of metal is deposited onto the 
surface of the workpiece during the second time period. 

51. (New) An apparatus for use in electrochemical deposition of metal onto a surface 
of a microelectronic workpiece including recessed microstructures, comprising: 

a reactor that receives a surface of the microelectronic workpiece in a chamber in which 
the surface of the microelectronic workpiece is exposed to a plating solution including a 
principal metal species to be deposited; 

an electrode disposed in contact with the plating solution; and 

a source of plating power connected between the anode and the surface of the 
microelectronic workpiece to deposit metal from the plating solution onto the surface of the 
microelectronic workpiece to at least partially fill the recessed microstructures, wherein the 
source of plating power supplies power at a first current density for a first period of time to 
deposit a first layer of metal onto the surface of the workpiece, and subsequently supplies power 
at a second current density for a second period of time to deposit a second layer of metal onto the 
first layer of metal, and wherein the second current density is substantially greater than the first 
current density. 

52. (New) An apparatus for use in electrochemical deposition of metal onto a surface 
of a microelectronic workpiece, comprising: 

reactor means for receiving a surface of the microelectronic workpiece in a chamber in 
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which the surface of the microelectronic workpiece is exposed to a plating solution including a 
principal metal species to be deposited; 

an electrode disposed in contact with the plating solution; and 

means for supplying plating power between the anode and the surface of the 
microelectronic workpiece to deposit metal from the plating solution onto the surface of the 
microelectronic workpiece, wherein the means for supplying plating power supplies power at a 
first current density for a first period of time to deposit a first layer of metal onto the surface of 
the workpiece, and subsequently supplies power at a second current density for a second period 
of time to deposit a second layer of metal onto the first layer of metal, and wherein the second 
current density is substantially greater than the first current density and the majority of metal is 
deposited onto the surface of the workpiece during the second time period. 

53. (New) A process for electrochemical deposition of material onto a surface of a 
microelectronic workpiece, comprising: 

exposing a surface of the microelectronic workpiece to a solution including a material to 
be deposited; 

applying plating power between the surface of the workpiece and an electrode disposed 
in contact with the solution to electrolytically deposit material onto the surface, wherein plating 
power is applied: 

at a first current density for a first period of time to deposit a first layer of the 
material onto the surface of the workpiece; and subsequently 

at a second current density for a second period of time to deposit a second layer of the 
material onto the first layer of material, wherein the second current density is substantially 
greater than the first current density and a majority of the material deposited onto the surface of 
the workpiece is deposited during the second time period. 
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REMARKS 

Please enter the above preliminary amendment prior to examination of the application. 



Respectfully submitted, 

CHRISTENSEN O'CONNOR 
JOHNSON KINDNESS PLLC 




Marcia S. Kelbon 
Registration No. 34,358 
Direct Dial No. 206.695.1720 



MSK/mc 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE JUNE 12, 2001 



In the Specification : 

At pagel, line 6, in the section entitled "CROSS-REFERENCE TO RELATED 
APPLICATIONS", a new paragraph has been substituted for the existing words "Not 
Applicable". 
In the Claims : 

Claims 1-31 have been canceled. 

Claims 32-53 have been added. 
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